It has been shown in man that myocardial ischemia, whether precipitated by exercise or pacinginduced tachycardia, is associated with abnormalities of left ventricular end-diastolic pressure. There has been controversy as to whether this relationship is due to decreased myocardial compliance or to an increase in left ventricular volume as a manifestation of left ventricular failure. Simultaneous measurements of left ventricular pressure and left ventricular volume using ultrasonic techniques were carried out in five normal subjects and 21 patients with coronary artery disease. In the normal subjects a decrease in left ventricular end-diastolic pressure during pacing was associated with a decrease in left ventricular end-diastolic volume, and during interruption of pacing, pressures and volumes returned to normal. In nine patients with coronary artery disease who did not develop angina, a similar response was seen. In 12 patients with coronary artery disease who developed angina during pacing, the reduction in left ventricular end-diastolic volume during pacing was less marked than the other groups and during periods of interruption of Louis. The left ventricular pressure was recorded with the patient flat, and when the patient was turned 200 to the right anterior oblique the height of the transducer was adjusted to correct for the slight change in level that occurred. The electrocardiogram, left ventricular, and brachial arterial pressures and the dyedilution output curves were recorded on a second photographic recorder.* Pressures were measured over at least two respiratory cycles and a mean brachial arterial pressure was obtained electronically. Recording speed was normally 25 mm/sec but for determination of left ventricular end-diastolic pressure a speed of 100 mm/sec was employed. The student's paired t-test was used for statistical analyses. The average values for cardiac index in the normal subjects were similar during control and pacing, being 3.0 and 3.3 liters/min/m2 respectively. In the nonangina group the cardiac index was somewhat lower than in the normal group: 2.4 liters/min/m2 during control and increased to 2.7 liters/min/m2 during pacing (P < 0.05). In the angina group the cardiac index during control and pacing-induced angina was 2.4 and 2.6 liters/min/m2 respectively (NS). The stroke index decreased during pacing in every patient, this fall Abbreviations: HR = heart rate; Cl = cardiac index; SI = stroke index; BAm = brachial arterial mean pressure; LVEDP = left ventricular end-diastolic pressure; C = control; P1 = early pacing; 1 = early interruption; P2 = late pacing; I2 = late interruption.
recently volume measurements have been made largely using angiographic techniques, but these methods are difficult to employ during interventions to create ischemia and in themselves alter ventricular function.14 Measurements of left ventricular volume by pulsed-reflected ultrasound have been shown to agree closely with those determined angiographically. [15] [16] [17] Values shown are mean ± standard error.
Left Ventricular Diastolic Volume
In the normal group left ventricular volume at the onset of atrial systole (LVV pre-a) was 65 ml and was similar during I, and I2. Left ventricular volume at end-diastole (LVVed) averaged 87 ml during the control period and decreased significantly to 60 ml during P1 (P < 0.01), and 62 ml during P2 (P < 0.01). During I1 and '2 LVVed increased to 89 and 88 ml respectively ( fig. 3) . Changes in ventricular size followed promptly any change in rate such that the volume stabilized within two or three beats after either abrupt increases or decreases in heart rate ( fig. 1 ).
In the nonangina group LVV pre-a averaged 76 ml during the control period. During the control period (P < 0.001) or during I, (P <0.001).
Stroke Volume Estimated by Ultrasound
Stroke volume estimated by ultrasound averaged 61 ml/beat during the control period in the normal subjects. By the dye dilution technique the average stroke volume was 65 ml/beat. Estimations of stroke volume during pacing by the two methods were similar-36 ml/beat by ultrasound and 37 ml/beat by dye dilution. Values for stroke volume derived by ultrasound were similar during P1 and P2 and during I1 and '2 returned promptly to near control values.
In the nonangina group the control stroke volume recorded by ultrasound averaged 66 ml/beat and fell to 41 ml/beat during pacing. The corresponding values as estimated by the dye dilution technique were 52 and 33 ml/beat. The average values by ultrasound were significantly higher than those obtained by dye dilution both during control and pacCirculation, Volume XLVIIJI, October 1973 ing (P < 0.005). Stroke volumes by ultrasound were similar during P1 and P2 and during h1 and I2.
In the angina group stroke volume measured by ultrasound averaged 77 ml/beat in the control state and fell to 41 ml/beat during I1. During P2 in the presence of angina the average stroke volume was similar to that during P1-43 ml/beat-and during I2 rose to 102 ml/beat. This was significantly greater than during either control (P < 0.01) or I, (P <0.05). Although estimations of stroke volume were somewhat greater by ultrasound than by dye dilution both during control and pacing, the differences were not statistically signfficant.
Discussion
The hemodynamic changes observed during atrial pacing in the normal subjects and in patients with coronary artery disease are in close agreement with those previously reported.e9 Cardiac output did not change significantly during pacing, and there were only minor changes in systemic pressure Left ventricular volume at end systole (LVVes) for the three groups of patients. 
